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Abstract: 

PROBLEM TO BE SOLVED: To enable reduction of a threading dislocation density and 
suppression of deviation in a crystal orientation. SOLUTION: A plurality of facets 1 are arranged to 
cover an underlying semiconductor layer 2 and to form a selective-growth embedded semiconductor 
layer 3. A threading dislocation in the semiconductor layer 3 is flexedly extended in a direction, 
extending substantially along the arranged surface of the layer 2, so that the threading dislocations of 
the adjacent facets 1 meet and flex in a direction intersecting with the arrangement surface, thus 
forming a low defect density region and suppressing a deviation in crystal orientation. 
COPYRIGHT: (C)2000,JPO 

JAPIO 

© 2004 Japan Patent Information Organization. All rights reserved. 
Dialog® File Number 347 Accession Number 6579138 



(19)0*!H$ilF/r (JP) (12) i2t §g 4# ft ^ ^ (A) (U)*ftUH&H#* 

#512000-164929 
(P2000-164929A) 
(43)&BB B ¥f£12*E 6 n 16 B (2000. 6. 16) 

FI r-m*(##) 
H 0 1 L 33/00 C 5 F 0 4 1 

HOIS 3/18 677 5F073 



(so intci. 7 w&mn 

H 0 1 L 33/00 
HOIS 5/343 



SfEgfcft »*JB©St70 OL (^20H) 



(21)flM#*t 


WH¥10-336307 


(71)ffiSSA 


000002185 










(22)mKB 


¥*£l0*f 11^260 (1998. 11. 26) 




ASc*a;iiK4ts;ii 6 tb 7 #35^ 






(72)36W# 










*3^a5s;nK«a;n6Te7«35# y- 














(72) §mm 








■ l 


*ea»S;ilK«aiH6TB7«35# y- 














(74)«SA 


100080883 














I; 

Hi 





(54) mmvzm ^^Kt^^^i^^^stcnstojeto&s 



(57) Igfa] 

ascw^r-fes/ h 1 mm zht 

2 (Dies® |c « » 0 *[6ltcHlftf*S U 5 7 t 

-fey h l^fjroSiite^#-a-LTMEE«Ei:SX-t 




1 

[#£FS*©iEffl] 

mffE7riry hit. mJETi£¥>g#JI©E«Ef;:*j-LT 
Z> J; o $ ftfc Cl £ £#® t -f -5 

[fi*9 2 ] ffi£3ft/&ga&&¥39ftff 

a»#s i fcB*0>¥*#*K. 
iw*93] fuKT^**st, ffnesKAJKaii 
t o-rtufi o . i° ^TT-fc^r 

l»*94] mm±\z. lWieTJft^fltJit, Sutea 

R**«a*¥i»#li:«r^Lr, (Ga) , 

T/W5^>>A (Al) , *y$S (B) fciW^i 
(I n) frt±tj:?>W<Do1b'Pt£< ki> lacDI I I 0ot 20 

mtmm w> t£#tn i ust^ hy-r k{&&*¥ 
[ts*f 5] mmRrft&m&^mfcmtK aw 

QK&Zb&Gmt-tZ »*9 4 tcE«© ^#f$?iK 0 
[»*96] fl&Ba&Kfl*, t7 7 ^7i 945r irSr 

[ff*9 7] WfEStg^, (S i C) iDft 

[ffi*98] iWES«as, *ISf B ro^y h7 

[If*9 9] IKreT*¥*ftSa^ WIE£;K±(cit^ 

[fit*sio] s«±(r, wk<Dv 7 ±y iimmz 

tSfiloftlli^tL. 40 
linear -fey Hi. iWETJtt^ftJf roEgffiKatLT 

iw*9 1 1 j m&mw.f&&m&**mftm<Di8.& 

it. wmTt&^frm<oyr-ty YfrbM&T&^fo 

mnmssMmKmite o *fa\z&L&-tz > mu*m.x& 

««ftl®7 7 t 5 ' M»e>«rETife¥#fWI©itilEi£ 
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ica^^ftLTffM^tirt^^mt-rsrt^i 01c 

[ff*9 1 2 ] DfflETiftiMHWE k ffiEafcriSfiaii 

[ff*9l3] HtlfBT*^j»»«WffMia^^^ 
9 & m v g * ^ 31 y f- v ^ I z X 5 z k i W®. k 

[!t*9;i.>4 ] ifJETiffi¥*Wl©ffMia>6\ 2$ 

£#&i:-f5fit*9l OE*©^3)[flc*l8i©»jft*ife D 
(1*S15| HfflBS^fiSiA^¥^«±ic s # 

(Ga) , 7VWS=*A (Al) , (B) 
*3±^ Vi?9J>. (In) /J^45S¥<D 5 £<b 

i8OT*£fc* (n) k*$ts 1 1 iit^ 
4#$t-f5n*9i ois«coj##fr«K 0 

•7 A (Ga) (N) k&lStt I I 

[H*3S18] m!ES«^, f-7 7 cricks ;:£:£• 

im**i 9] tnm&m\ mt&m (sio t± 

5-i:S:«P«4:i-5»**l 0 (Cfe*©^fr»K©© 

[11*92 0] «fES«*J, ¥^fi<75^y ^A-r^ h 
Klc±srtSr#mi:-r5f«*9i oroffi*©** 

[w*92 2] mvii&mzxvxmm&y 

r±v Yti*mmZtitzT&*Mftm*Wtffc?Z>JMk. 

[ft*92 3] HuEil^fta^^^^SWfiicS 
f4, suET^^S©yr-fes' h^bBuET«fe¥^ 
S©*&EiEgffiiC(J(^5*|pUw^S1-5ilSSrST^ 

* $ -a-r KaR^ftaii*** flea v>nwm.i>mmT 

it#*i©77tj/ H*>P>«fETa^#:grottfEIB 
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fcmM*&Lxmf&ztizkz&mkir?>n#&2 2\z 

[!f** 2 4 ] DWBTflS^^fM £ fflffiil^fiSiA 

[lit**2 5] «TEail)USjtlc:J:o-c*jBc©7r-fe3' 
htf5E^J£ttfcTJfc¥*#l£I^r5X&;a\ "^^^ 
t:ffl^fcWi**ia**i-sr t&ltmtl-SIit** 10 

2 2 tce«©¥*#*§&©il!j6;frifc 0 

[»**2 7] flSffia*^fiaji*¥*fti±K, ^ 

D (Ga) , T/P5-^A (Al) , *-7|| (B) 

#J;tM>v^A (in) frbtezmn 0 £t> 

I I@57c^t^* (N) irSr^trl I iSt-f 20 

^mt+5It**2 2|Bttb¥«fMHtO|lfi^r& 

[m**2 8] mBSKiftiias&^iWMtr. ^fy 

*A (Ga) tmm (N) irSr^frl I I ®=^f hy-f 

K< ¥3sw- <fc o t»r 5 ^ t & mm. t *■ s »* 

[W**2 9] mrea^Saji^¥^^Sr«ffifi8; 

&m\z£<ix&m-t5zbz®wbi-zn>!ii:i&2 2 [cm 

[Iff**30] StrEJ&Ras, t7 7 ^T|;J;5:iJr 30 

[91**3 i i mm&m\ mtmm (sic) ic± 

3£7jfe 

[fit** 3 2] mnl&mK t> b 

7 4 KiCi^r t£¥fWk-tZ>m*m2 2 

»$£ftfcd -fait** 2 2©iE«©**ft 

jiltO»it*&. 40 
[11**3 4] St©77tj/ haUEWSftfcT** 

[11*313 5] Huf2il^ftfflii^^ft:«f<7)Mii 
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t57 7t:y h^bOfifeftt^Lt. lWEE«® 
[»** 3 6 ] BtiETifc¥^ftJi £ , ffieSftJ&Ril 

^^^st©ig B e a 75fi:o-ftb^o. i° UTXhz 
r t £#mt-r 511**3 4 mctto^fl:*?. 
111**37] imr±Iw, «(fETtf!¥*ft«i, me 

a) , 7VU$=!7A (Al) . *>7* (B) %>Z.tM> 
(In) ^W5S©5VM<Hli©I I 
I^7C*t^* (N) iSr^tfl I I m-F4 b?4 bit 
3*iTfi&5 r £ 5§t** 

3 4 Efc© 

[it**3 8] mraftAJta&**NiMHitf. #y 

-7i>t^S!i£r^tM I Iit-i 1 by 4 b'lk&to*m# 
[a**,39] MESSis, rWTJ:»)<c5 d£ 

[11**40] «ne&Ktf. mmm (sio «t9 

ft5rt&#8ti:-f5iit**3 TCgEt©^**^. 

[1***4 1 ] iUEiw, y tJx-i-j b 

=74 K£9fc5dt£#&fc-f5fi!**3 7I^Eift©¥ 
[ff**4 2] IMETife^MMHItf. fltrESSifcfi 

»»ia*iiTiji5 d t t-r §»** 3 7 (ce«w 

[ft**4 3] £tt±f£, «8c©77-fey h#E?iJ£ 

-arsj&Bxg^ 

W£»^#{MM-f5x*ii£*-u 

[|«**4 4] ME»#lfi8ftSii*^*fl:JB©** 
(4< HtfET*^^W7r-Irs' ha»feilMETiftiN»* 

ifi#I©77t> hd^&lHrCTtt^ffJloffiGE 

frb<Dnmm®.k£&Lx, msE&mtxx-t&jjfa 

^H(ft#fiLT^fig$ttdtSr#mi:-r-5«**4 3lc 
E«w^j§fr»igroi!!ig7Jfe 0 
[If** 4 5 ] (tuETifc^ftJI t MES^fiicftaii 
^^NlflcJI 4: ©^al75&©-f ftfls 0 . l° WTT'feSJ; 
5lcLfcdtSr#mt-f-5»**4 3lcE*©#^^ 

[|f**4 6] StrETtt^WftJiw^xSis, -r^ 
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})>}£. (Ga) , Tfri-VA, (Al) , ft** (B) 
KXrM >-W& (In) frbt£Z>m(D0io'pt£< th 

mo 1 1 imjcmt^m (n) tsr^tfi i nt-f 

[11*94 9] MG9^JHti&*¥i*{til«\ #U 
(Ga) irS* (N) <t£^trl I I R-t>r 

94 4 fcE*©¥*#3|HP©i!tfS;fr8:. 
[fS#9 5 0 ] frfEiiftj£jM£*¥«#Jlt:ftfB& 

Grnt-r zm*m4 4 {zKmnHRHtmwwsiitti. 20 

[ift$«5 2] ffifffiStta*. ftfcg* (S i C) (Cfc 

111*95 3 ] messM', wgt&atf!) v^-tj v 

y-i KlciSi t*:W»i:i-5l»**4 3Wf5«ro#$ 
[W#955] «R±fc, «^fi(C i oTffiit©7 30 

m^r^y bit, mzTM¥m#m?>%immzMLx 
5 6 1 tufeii«fiKeaiA^^^fr«o^;fi 

* $ TK»ftflfcftS&*¥*f«B © jriHEtfcasflMET 

KB ft # ft L T ffM $ ti r t £ #m b -f 5> m #9 5 5 ic 
(ft** 5 7 ] flWETil!!**** £ HulHii^ftffliX 
5tLfc;i:4:»itt5ll*S5 SHE**)**** 50 
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^©§Sit#£o 

h #b*ij $ tiitTM¥m#l§ ZMf&i- 3 Xg# , ^ ? 

5 5 i^mo^mt*** ©tKfi#ft, 

[li!*95 9] DWEWRi«ftfcJ:oT!|[ft07r*y 

*w * t l < m t l < itmikT* =. <y a £ 

!)!)MGa) . T^S^A (Al) , *<7^ (B) 
*5 J: tf-ff (In) ii^^i0 5*)'M< 1 1 

noi i im^mbmm (n) tsr^tM i nn-jvr 
h?-( wt&®¥m#mzi$,M-fZTMztrs-zz.b$: 

<}J* (Ga) t^* (N) fcSr^tfl I Iit-f 
Kft**iHHW:J:oT»rtt 5 r t # 

[M#9 6 2 J |fflffia^^fc*¥*{tti£«tljS 
[WM6 4] SWESIKis, SftS* (S i C) icfc 

5 c t ^#m<t -rumm 5 5 roi!} 
m*S6s] sufESffi^, *^f B w^y ^i,^ h 

ifi*3S6 6] mmTm^mmtK wimmmzmm 
tef$,£titzz\bz&mb-rz>m*m5 5e>mm<o*mfc 

[11*96 7] I»C7rty h^iE?iJ$nfcTltt^ 

t57rt 5 ' h^fecoHatettt^-g-LT, miiEiettffi 

"*-S»**6 7{CfE«W*^fr^tto 
[»**6 9] SSLkfc, ^ic©7T-fey HiSE^iJ* 
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r±vb mm £titzTm¥&fcm zmfc-r sis t . 
iire^fWttiic****^** «r»j«i-ft is t k «t 

[00 0 1] 
[00 0 2] 

V&$i<D&M\ AlGa I nN^t'©I I Ht 

K (Light Emitting Diode ; LED) ftifro^ft 

[0 0 0 3] ftffiT'tt, A 1 G a I nNlflftl/- if 

hy-f K (G a N) <£ t))fe5^y7ri^LT I I I 

HMUfiScjl (Metal OrganicChemical Vapor Deposition 
;MOCVD) jfctCfcOJ&fiSltSriricJ;^ 

tenets 3 o omm<r>mwmmm$.£h,x^z> a Pn . 

J.Appl.Phys.35L74(1996) ; |H]ifc36L1059(1997)) o 

[0004] l^u mm^x^mmmomm^m^M. 

LXlt, S;&(D±.{zMf8.Ltzl I ISI^M by 4 h°it-£r 
ixi o 8 ~ixio 9 m/c 

m fefcnnmmiiL mu.xmfcfcm£hx&£h$>*$z 

#&lt5i|£ft) *%LXl"Z>Z.btf% tfca* 
oT, l^BtFflyiroUfflW^^^-T'Srcfeicfi, 
^nKmfc{iL<n%&Z\&Mi-Z>zbfr&mX'fo'9 , ffl* 

[0 0 0 5] fo-otii, t7r^f7Mo 

H:^77ri?rit-LTGaNilrffML> ^©itl 

~4 ^mi|icD^ro2^i:^--('* (s i o 2 ) 

-7*?^ 7 W mWt°s/^T«L7tJiffl*ig<7)-rx^ 
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iSSfiH^ MOCVDffifCi^GaNfl^^lfiKCil^ 
ftf-J&B: $ it 5 £}£#tiS > -5 (j pn . J. Appl. Phy 
s. 36 L899(1997),J.Appl. Phys. 71,2638(l997))„ r<7><£ 

G a Nfi^G a N?rIMS$t5r tiaoT?^ 
^litiLSoTG a N^*l^*|6l[cWfi)t-t-5 
%mc£Z>m-&, SiOi ^^^g±(Ciolt2)G a NS 

©miie^©^!^ 1x10' i/cm ! ss(-*x 
10 (g^-e^^o 

[0 0 $ 6] ^LT, r<D#?££Jfl^-Cffi;tL;fcS;E± 
A'VGa I nN^m&l"— ?m*ZWli¥Z-£Z> Z\ 
ifcib, 11 5 0B^W±<A*ffl#J*#£|ia£-t£5 
r ir^nIil(C/ioT#rv^-5 (Journal of Crystal Gro 
wth, vol. 189-190 p. 820-5 (1998) )„ 

[0 0 0 7] 

20 *<jo. 4° ~o. 5 0 ggo-fix^csr t*s. #38 
?H# «b «fc o T m h Mz ft o 1t 0 

[0008] Lt, rwi5[^ B B B 7J^^T^^^-r 

[0009] -r^ioh, ±3iLfcJ;5(-, GaNl*| 

30 fiScft$^5G a N^^fr t*&^Sic^!l|i|^S#^^^ 

«<DW&Mi<DGaN&¥mfc%&$:£-&Z>Z.kAmmX* 
[0 0 10] iZX\ mi&Ltz£?{Z % ^^StCKfflte 

s io 2 \zzz>-?x?m*mmnT%M*h<ox : RmLtc 

Z.O&tf;-?X?]§ffl(OfflnnZm£XG a NJ1£ 
40 ii^ft^-fr. ^Wl«*[6]fi)cS[Cj;oT, -vx?m±iz 

<D^mz£oX%mLtz]&%, v^^ioi^tipS 
-Cf4, ctt^al^lC^O. 4° ~0. 5° ^sfa 

[0011] z<dxo\z^ cm&Mijimz-ftitfZLLz 

GaN^SiO, ^ ±?r«*f6]^ft-f 5§g 
50 [0012] -t LT, ^B^^^SiiWi 1 ®^^, 
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m^tz tit* v ^m-B- 1 ^twnbfrt Kite* m 

f©I^ ffitS iOi -v^^ro^filt, < 11-2 0 
>*[p]T\ &%<Dm&. < 1 - 1 0 0 >Jjm^R7£Ltz 

m%x*hho ta>u ^rtKom^h. m^&^m^ 

-fili^CZOIt^ ±\z-?x?tfX*hZ>S i O2 k v G 
TJlplf&ftlC&^-C, SiOs -v^l^ftL&ftiuf 

&V^£!C&So 

10 0 13] L^L^^fj^ ClCDSiCb -v^Jfti. 

i* m ti 4 ^ w t ( c 5 1 ^ 5 * jf ^r-r -5 „ 

[0 0 14] rfttCftU #»gi]#P>li, «jgt % mtt. 

5 <t 5 tc LfciMMWMSii: t r ^e>w®ig* 

[0015] 

l^s«r»ft-r5/c*©#g] ■r/itJt,, 

as-et Sit Sr5EM U rnfc*V^T«rS**K*iV^ 

n©«* a r i a* t? * ^ t * 

? t ¥gf«ie trji?) ©Kit* i££ jLtb-f (c^o fc. 
[0 0 16] ^fecyr-t 

T fi#4-f 3 ffi fC <fc o T $ tt 3 . 
[0 0 17] ifc, *38MliJ:5^#*^f4. m&<o 

Bl±. rfcfc>fcaftJ*Mi&#¥*fWli#fcfcMV± 

coSEBffi ICS* t Tffl^-r 5 ffi «£ o T»j£ $ *i So 
[0 0 18] ifc, *5SWlcJ:«^fl:igJlH:, ±JBL 

[0019] ±®<D*m#mm, zv^m 
»mn<r>m^mm. s*±ic, mk<r>7 7 ^yv^m 
mztntTi&¥m#m*Mi$.irz>xmk, £©t*¥* 

StSrWU 7rty hit Tli¥#ftJi©i£«®lc*f 
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[0 0 2 0] Cl©*«Wiai#&tCj:5J|U©«a#«fc 

[0 0 2 1] *38W»ifi*jfe©» 2 ©Kit^fe 

U iltR^ftt^^SE LO (Epitaxy Laterally Over 
growth) KioT 7 7 *y HSr^aT****!** 
10 j$U ^**&lfc*LTaWj*ftS>&*¥»fcl<B:ttr 
9* is ft?. 

[0022] iiLfei^i:, *mw\z£z*m#n 

i©3EPJ?fig< t©-efcD. I©«J&lcJ;S 

a^ftaj&*¥**]iic*sjt5±3£Lfcjratetfc©6 

[oo'23] *fc, *^B^T'ii> s i 02 mn^^tft 

fa73{5:co-fti> cttigfi*ifc©-fn«)ii4tiHiasn5 

[0 0 2 4] -t LT> ^ISMtCiS^^Kl^^fr 

mftmm ^«fi£-r -s ^kicx^xftmc-t <- 
titc&m^m&m+zm&i-z r t asr-# 5 tw-efc 

So 

[0025] ^i, ^WicfcttS^T-fey hro&ffitt, 
Mv^-¥ffiSr^t-»^f4t tit), *©^*felc i 

s*^^*-rso 

40 [00 2 6] 

77-fcs/ MasEW**bfcW*.tfGa tN tSr 
£tfl 1 lit^ Kft^^frlciSTifi^ 
M2i, iOT**»»Jl2«r«5«*.tfW«lc, G 

aiNi 5r#tf I i 1 Mi- 4 Vy-< Kft-g-ft^Wfttc J: 

50 [00 2 7] : ©a«?fi!cSS)i^^^l 3 *©a«T' 
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fe, T®*mftm 2 ©EBSlciiiafft 5 u 

«ati-*7r*y h*»6«>jtaetti:^*LT. lees 

$*i5 0 

10 0 2 8] rftfcfcot, T*^#^l2±5rSoT 

[0 0 2 9] *fc, *3BWlCia^i»ft:jtgS©ffi©-Jg 
fil4, BB2lc-t©-«©«[|»»riBH*r«-f Hx. 
tfCIt77'f7 > *>5VH4S i C± 9 4S*«6Srfi- 

•fe y M #B*J£;h,fcTH!¥i*fWI 2 «&£tircflf$ 

[0 0 3 0] MIC, *»Wt«t5^i»fl£»|R©ffi 
©-^ffifi, 0 3l;i^©-#j©«||frffi0£^-f 45 
[c, f!lxLifcffif-7r^r, *>5W4S i C4 9&5S 
t£6£*TL, ^©liS6 a±{d, ^s/7r)l7Sr^L 20 

[0 0 3 1] MIC, Sfc, J: *¥*#*«© JE 

leftfe©— Jgffili, 0 4 1;:^©— #J©$Eifc»rao0£^-f £ 
5l£, m^ft©I I iK-f-f K<fc9*5*«6* 
f U -t©l±E6a±|C, I»7 7t? M#E?IJ£ 
I I I h K«fc 9 45T**MW*Ji2a*» 

[0 0 3 2] *^H^(Ci5^fr»M©HlCftfe© 

ff^li, 0 5 ~0 8 ic^ti^'H^-r J: 3 lc, 01-04 30 
T?*Lfcfl|*t*j^-C, *©#a*?JEftfi»ii*^i»#« 
3±.\Ztf])$M, (Ga) , T/I^^A (A 1 ) , 
$ (B) fcilMVi^A (I n ) ^f)Ji5»©5V> 
ft< it IS© I I lR5c*i:^* (N) I I 

%ztitzffii&bi-z 0 r.©i§3\ fc-sm^mwrn 8 ic*5 

^Tt. T«©a&J*£Si&*¥#ttJi3©Jtfflts{fc&s 

K:WlB$ft<g$4 £, C^^|C*Jlt5S:ii^^llIji 
£ftfc&*KttJMMg5tf£jft£*lS. 40 
[0 0 3 3] *l§MlC«t5^^^©||i|^«6l4, « 
Z.\m 1 ~0 4 T** Lfc#a*ft*«|©a&fifcftS&*i|fe 
»#*©, fi>cRHB«««5K^ft3U^©/>!fc<i:t 

Lfc*« 4: 1-5. 
[0 0 3 4] *fc, *H^ICj;5*^^©ft&©lliS 
M4, 09*.tfB4 ~0 8 T** Lfc¥^fr»ISi©{t;i§-fe 
^gftJi 8 ©fi^fi&*«^« 5 lC#*#*^©^/jr < t 
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[0 0 3 5] ft, H2~0 8lc*5^T, 0 1 t ftfc-tZ 

[oo3 6] ±®Ltz&mmzzz>¥m#mm*. ^© 

T«2^lttl 2 £ , 3ftj$5a&3t¥i*#B 3 i 14, * 
fcTJft^NHM 2 i 3ftj&ft3&*#i»ft:JB 3 ±©^ t° 
? + i'+^SLfcft^mi8 t©^f B 75fe©-f 
ft, i-*^*>ctt©-ftil4i° JUrtlct if©e>ii5o 
[0 0 3 7] jfclC, *»Mtcj:5i|t*ft:»||||©«it*«fe 
©-HJS?gffiSr0 9*5j;^01 0 4r#fiau-CKMi-4. 
0 9 Alc^-f 4 5lc, ^^tfcffiwir-^T'f 7i rjj&S 
S«6£ffiSU ^©CBlc45l±ffi6 a _h(C, J?£ 
011 x. 14" 3 0 nm©GaN±tl/i5^-y77l7^, gjx 
tfMOCVDtei:j;!J«Mfit5. C©MOCVD 
14, 0dxf4\ S$fiS£5 2 O'Ct L, ®I4^^ICI4 h 

y^^^fy^A^ ( (ch. ) 3 Ga) iry^ 

Ttf* (NHi ) «rJBV*5. 

[0 0 3 8] ft^-C, ro^y7rl7±C, (RlltlC, 
#Jxl4MOCVDj£i;:4 9, GaN4 9&5TiffiJl2£r 
0S 2 w mlC^-fSo r©t #S«ffl*ttWx. 

tfl 0 5 0tit5. ft S3, C©Tifi¥»#:S2|Cf40 
*»*T*5Wfcjj^Jtat^da*, 0ijx«ix 1 o 9 
/cm 2 ©ja5V^Jnc#Si"5. 

[0 0 3 9]«^r. 0 9 b ic^-f 4 5 IC, T***ff 
H 2 .hie, -r^^ 9iiS^$n5. C©-vx^9(4, 0!l 

x.tiTm*m#m2±iz±mm^ m&mmmz-ii 4 5 

0'CT*CVD&|c4oTF!)x.l4^Sfr©S i 0 2 A&flg 
J&U :©SiOi Jf£, 7*HJy/77^lcioT 
/^-^.y^v^LT^fiJc-f 5 0 -Tftip*,, s i 0 2 
S±{c, 7iFu-^MiMu Ctilcgffg©/-?? 
-V©ar3fc*sj;tJtmfft*fTV\ ffl»©x Yy-iVU^W 
g©WPBlc^-T5 0 i\c>y* hUi?*Y&-?x? hL 
T, SiOz ISr^yf-^^-rsCtlCtoT, 

©-7^i> 9 14, -t©* h7-C^f4, 0!lx.tf< 1-10 0 
>*|6] (0 9ldtJV^-CiKffitE$-r5*l6i) (CSfiLT 
ff^^tl, < 1 1 - 2 0 >75|6jlCE)fll©r B 1PS^toTie 

m z n i 1- 5 r 1 t- § 0 

[00-4 0] ^r©#, ^J^tfTirSV (CHi COCH 
3 ) (CHi OH) CJ;5ffi#Srffl\ H 

IC, #fRLfclfiK (HCl) *fctt#«Ufc7y» (H 

[0 0 4 1 ] Dtvvc, Rlfitt^tyxyfy^ (R I 
E) CJ:otvx^9coiP|f|l9wft5:I^:x^f 
>^-f5 0 :<^tt, s i 02 JBt-i5^^^Ji9 t# 
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-a- 5 * i o ro±jffi^tasiciga u Wfffi 3 ^cox l> 7 

t,oTi:^lcig(S]t(0{ii:$r^--r57r-lr y h 1 #iE?iJ 
ffM£tl3<, ft 1 O^rffM-f^R I Efi, #|;LffWr¥ 
SSR I E^B^ffl^-C, BC!» bN, iSrffll^T, 
1 5W<75/n°!7-T\ 2 0 mTorrCD^T^T 5 - t 

r<7?i;5&R I E^rfTp-irl-ioT, <1-10 

[oo4 2] &¥mftmmm£titcmm6%: 
y ?m (hf) tc+^ciau mmwm-tzs io 2 

[0 0 4 3] Z(D£?lZLXffim\:£tl, 7rtyhl 

75^E?WM $ ftfc Ti£¥3lftJf 2 ± [c , WiiiMOCv 
-f 11-20 >*i6iK»or-r*t>*>T» i l £ W 

ftStfS, ^oi4jl*:Ii:««t5 i Ti^ifMI 2 oi 
asftS*iT» Ti^*i2mWl:SotGaN|; 

i5*ffi^¥aft$^a^ftsii^^fra 3^ 

fi»fi)c$ix5o r rot (4, Wfctf, £K& 

SSr 1 0 5 CCt L. LTTy^^T^i 

ii\ 1 0 y y h^/^tl'^^fe^ft-C'TV^-T^ 
[0 04 4] r»J;5»CLT, SI 1 0 Bfd^-f J; 5 IC, 

» i o ft # ix^tcfflfc ii/,-c*Bn#ip*&ft; $ nfciiw 

[0 0 4 5] r©i5^L-C^Ufc»*?^fiSa*# 
7rty h iroBT'T«fe¥^e2fc#fe-rste^d 

fc^oT v T«6**^e2(ci3v>Tctt*i6ucfj{?sii: 

1-CJBftU Ttt^ftS 2 roiEgS, 6 
l\, ^LT, ffi>^f3 7T-fcy M*»&-£ft€*Ufcj|L 

M*»e>jra<Ettd*s^u 7****1 2 ©bub 
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*flE«3fc^»t5^te««tt. 1X10 7 /cm 2 fc«/> 

■T5o 

[0 0 4 6] LfciSoT, rW^-g-^lC, Sateffi^i* 

**lM*fWB3tt» S i 0 2 Ji4p©aSij**©-r^^«r^ 

10 b£&6 tC0cttd-ftV(4l o KTi4ofc, 

[0 0 4 7] ^WiSICLT, Jta*»*«!»se^e^ 

5 ± c s v 5 

D&*f4\ HfeT, 

[0bU'8] fcfc. *38WJci5^*ft*l»©«JS*«fe 
20 nfa<nm<r>nitimi&<D~M*:m i i 1 2 

[0 0 4 9] rroMm^t), Mx.tfCEt7r^7 
Igl?rfflf L v 0i|x.ffMOCVD&(Ct ±I6a 
±(C«?!lx..tfJ¥$ 3 0 nmOG aNiO 45^5/7712 

Ly mrnxxitb!) t^/utf}) ( (chi ) . 

Ga) t7V^7^ (NHj ) £fflV>5o &<^T\ 
^"y77|7©ll:, ^IxJfMOCVDfttcJ;^ Ptl 
(CLTGaNi'P&STifeJll 2 SrSSfttf «x.|f 1 0 
30 5 0*Ct?2 MmOJf^^JpfflfC^i-So 

[0 0 5 0] /<y7rl7li, ffifflTf/fcft $tffc#fiff 

£fc5fctf>T?fcS 0 r<0T*S 1 2f4^SJ; t)/«c!J, ft 
Si^fiU-JgirSJta^Efitd^l x l o 9 |/cm ! 

[0 0 5 1] CO^fflTi&Jf 1 2±IC N 7r-lrs/h^ie 
?iJ$tv^Ttf!^^SSr^fig-rSfc«)^, 01 1 B(C^ 
1-«t5l-, ^*fltoatR^JI*:fT5«x.tfS i0 2 fci 
SlWft^^nS;, /¥$^J^|J5 /imt <11 
40 -2 0 >*[6]^MU 5 5^ y^Sr^L, < 1 - 1 0 
0>>|bHC1 2jim<0try?\ 0iJxtfit@ 5 a m, MB 7 
/z m £ t otfffEJl * ttfc^ 9 - is iZj&ifrtZ. Z\ <D 

WSiMfkr?** i 3<aMi&n* 03JxfiCVDffi(c:j; t), 

s«ffi$#i;tff 4 5 ott-s i o, s&±mmz.M& 

L, 7^ HJy/77^i:J:?,^-yi7f>'^ f 
50 ^->fc»rt-f4ii*-e#*. 



15 

[0 0 5 2] ^©&, Ttb'y (CH» COCH. ) t 
*9 ;->v (CH, OH) (cj:9ft»«rfrv\ EK, ft 
&Lfc:&& (HC 1) *fctt#*Lfc:7:y|* (HF) In 

7 (hf) fc+^dftu IWS^^uropi 
P 1 3w*iii:-C^»^«ai-5TJft«l 2©*ffifc» 

[oo53] * ©a. a*?jfi*-r ^ ^3^^;, 

-tCDMP 1 3w^iaCT^-g|5lcKMLfcT±fiSl 2_h 
IC, 0iJxtfMOCVDfe{Cj:t), GaNiO/^Ifpf 
fcTflfi^NSWi 2 S\ -r*? l 3±icS^/4^$5ii:il 
*-(?J&B$-rT\ jfcft«B5KJ3ffl«)fc3fcJg:|fc©< 1 1 
- 2 O^flpJlCffitf-S;*. hy-f^l 1 ^E?WM $ *K 

h^l/l 1 ©PHllBni:: {1-10 1} |:i5CI 
(C^LT-f fcfrtTift^Nrft/f 2 ©E«ffl|;:at LT*& 6 
9° ©«M5r ; t-r5 7T-fe'-7 M^^^tLfcTift^ 
ftS2£flMf5<, :©i^fflMOCVDIt #lx.(4\ 

S«?fl*i o 5 ott u RfMtfxizteT^-Ttfx 
fllilf, 1 0 y y hV^i^5#»©Sif7^ 

[0 0 5 4] i^T, 7j/i (HF) \z+Mcm-t^b 
•f5o •£©$, r-trh^ (cm cocHi ) ttt; 

-)V (CH, OH) KcfctJSfcfrSrfTl^ Hie, #$?Lfc 
(HCl) Sfc(±ft|l?Lfc7-yK (HF) |:10# 

[0 0 5 5] *©&, :»7rty M #E5ifll&*£ft 

fcT«ft¥W*fl2±Ka«ttC, «*.tfMOCVDifclC 

Sr^fiS-B:*. r©j&ttfi. Wfctf, S« l ©rfl*(4 l 
0 5 O'Ci: U J^^^lCfiT^-T^t h y ^ 

/u#y -7i*#*£ffl^5„ Jrft^tcfi, win, ioy 

b. fiScgiaS^U/im/^iair^SctpfChy^^ 
#y !7A;tf*<Srfti&U #£ETK*st^TKi£**5 0 d 

ife^jgftl 2 ©EJflffifciG 5 < 1 1 - 2 0 >#[6][;:«J 5 

N7-Y7°l ir»1©il OF*j2)Sa«)ji*il-5^, -©J&g 

H2B [c^-f j; ^ TW¥m»m 2 ^^wtcao 

[0 0 5 6] r©*8-£*si^-tfc, SiK-?INMft£J: 
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jSr5c4:AS|fcB$nfc. -t4t)*>» Till 2lc33^ 
*>, 1211 0BT-M Ltz fclHWfc, ffi*f-f-57r-ts' h 

io (c, -»©tstt#HftLTJJ5rciitfTfT<. 

oTSk^fiaii^^l3(C*3itS^R6«gf4, 1 
X 1 0 7 /era 2 (C«'>-T5 0 

[00 5 7] Lfe^ot, rro^-g-gnt^ Hffltefi^ias 

^itlftJl 3 14, S iO z JMtoSW^*©-^*^ 
£ 6 t © c mn-fiite i 0 tlTiftofc, 

20 [0 0 5 8] r©£5KLT, *a*Cte*##te^®* 
[0 0 5 9] #»WK±$J|y*fl:*?-fi, 

fca i ~h 8 x^ Ltzffitiuc 4 5 ^mfcmm 4 0 k * o 

30 Tl»fi8f4wi^-e#5. *ISBJtcJ;5^»»^©- 

^al^TWu SCH (Separate Confinement Heterostruc 
ture) S^frU— !f-«r*J«Lfc»«-e*>5. 

r ©Wicts^-cfiH 2 LfzymtoWm 4 0 ±(c^ 

fc**fl:*R4 0t*J»j-Si|£*fl:Ji8|i*JV^T» 

[0 0 6 0] Ull 3{C*5V>T, H 2 33 «fctf[g| 6 txt^i" 

r©Wf^33V^Ti4. al^ftffi^^ftS3±l^, ^ 
il ; PtL^l#S^{iiJx.tfnS©^l©='V^^ l>g 2 
1 , ® 1 ©^ 7 y Ym 2 2 , ©^-T Kl 2 3 t SrUfi 
^f^drv-^/WfigftL, r©±(Cffitt«2 4, 
-itl2 5. W.\zZiM:ti%2mW,§!><om2<Dtf4 KB 2 
6> |20^7yKf2 7 > ay^^ h| 2 8^(f^ 

[00 6 1] H28lllli, m*.l*S i 0 2 

50 *->-wHfcft©-a$(;:, 16^2 9(10^6)^1 © = ^^ 



(10) 

17 

y^Ktt#-T5 0 Sfc, tAIM 2 9 1 3 1^ 

COgBP 2 9 wS-iiCT, t^^^^iP 2 9w{^fo v o 
TX h^-r7 P tt(7)^2^^y^^ f.J§ 2 8lC;t- 5 * * 

[0 0 6 2] r I©«"Ctt*«#l/-f 
-»^©*»WlcJ:5«Ji*ft©-«i:L"Cll, WAtf 10 
B9*5itfBi Ot^lfct»^|:j;ot, S 

U 2 //mOnS^fe 

<£>S i ASSJpLfcnfflG a NJitdJ: £g? 1 (Dn >^ ^ f. 
12 1, 0. 5 ^ mCO S i 5rSsiO Ltz n MA 

1 GaNSSfiCi 5»1<D*9 y Kg 2 2, W^tf/f^ 
0. 1 n mCOS i timM£tltcnm%lG a N(IJ:1 1 <£> 

Xi #I*Lf£i¥£ 3 nmO^T-^FJlt, J|^4nin^ 20 
y TStOff SiS4 nmCOGa I n NjEiS<Z>£itJtf-#F 
«i£^J:?)fttt«2 4^^fc°^^^-^/^fi$tl^o JE 
fcift^T«;itfff£ 2 0nm(7)A 1 G a NKiS^ftSS 

p s^)^^^m g zmn Ltz P s <£>#J *.tfw * o . 

1 //m©GaNi:«l:582©^ KJI 2 6, 

0. 5/ i m^plAlGaN»fi|:i5»2©^7j/K 

12 7, $0. S/imOpStOGaNilCJ: 

fifc^"f5o 30 

[0 0 6 3] ±ft<D£*m#m 21-2814, «x.tfS 
fifl*8 0 0-1 0 0 0ttl, T^5 = 9A©lB»;tf 

Utthy^f/W^^A^ ( (CH 3 ) 3 
Al) , J*<DWMt LXlthU *T/i>tf!) VJ±iS 
^ (SiH, ) , ^r*is$l*<DWftit*k\,Xtt\£X 
= t^sui/y? (m 

eCp 2 Mg) J $\?X = isls? 

fVAifx (Cp 2 Mg) Sr*tiWfflv^5r 

[0 0 6 4] ffiil2 9ft HjitfCVDiSfcJ: 40 

5«U I^l!2 9^h7^7 P ^lP2 9w 

l:J:oT«t^ :(D|P 2 9 w^riiCT^V^ h 
g2 8 d3?2 (OmM 3 2£^-^ y * IcMfSktS t> GOT* 

ioTd^u^ h»±|c3K#StLfcN i«J:WAu«r 50 
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as 3 2 

[0 0 6 5] $10«&3 1 ©JBfifcWI-iSI^ 

T> %^I2 9, ^Vt? hJf 2 8, S2©^7? KJf 
27, 'ff 2 KJi 2 6 , gitmitm 2 5 , f£&M 2 

4 , mi <r>%4 KJg 2 3 33 J:t«B 1 7 v KJI 2 2 £ 
HfcWIWfc:**-*-*. nS^y?? hJf 2 1 

±K, Ti, Al*5it5Au«ra««jliWft«j*LTlll 
lfflti2 

[0 0g6] ±&©:ntf*:*S^A'i$ft i NMWi2 1~ 
2 8 tlHV«rS£ L/c <fc 5 ICii^j&fiSiA^^ftJl 3 ic33 

[0 0 6 7] lacMCiSi^, 
-Y 7"tlP 2 9wS:iiDT, #2©««3 2iSS, = 

2©tffi3 2©3^^ h«P> -r/£i3*>*fiJWi2 9 0BB 
P 2 9 wSrffM-T-5„ 

[0 0 6 8] -t LT, MM 3 2%Mi£LX 

[0 0 6 9] ^ro*^{c:J;5^a|^u-if-(cio^T, 
*l*J^t/IB2*fli3 l3oitJ«3 2Mid«*|pl(OamSr 
5 :i.t±otiStti2 4C««as*A*li, 

[0 0 7 0] r©*figj>:j;5*^36^^, 

[0071] 014 tt, *»w^<t5*i»**^-, rro 
HIT-, Cl^j-eii, H3 3oJ;t/[l7lc*Lfc*^W{c < t 

[0 0 7 2] ¥***K4 0©»jfc£ifcfi, 

^iJ^LtflEll l*iJ:tJ«Hl 2T?»MUfc*ife*«Sw4:as 

1 3t?RMLfci:|SI*©«^*sJ:tje|j|5gjrjifeij| 5 -^ 
[0 0 7 3] Hi 4IC*3V^T, 0 3, 0733^^01 3 
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[0 0 7 4] rO0!|(Cio^Tt>, 01 3lCX?>^m^^ 

(0 0 7 5] (su *%mt. ±&Ltzm\z.mj££tiz>t> 

r±y hi zmrfZ-tZizhtzV, Z<dx by47°\\<n 
Sfi2rlRltt. < 1 - 1 0 OX^falcil^LT, {11 
-2 2} (Cj;2,CffitC*fLT-r^fe*>Tii^*«2W 
EgffiK*|-L-at)5 8° ©IMft57rt7HS: 

[0 0 7 6] ifc, #|;Lfi\ El 1 3 :}o<fct>*[ll 4(Cfc^ 
T, '^^fr«2 1 ~2 8<DagntS;*\ ±^iri4i£»^ 20 

mmti-%tA\ z:cDm.i$.k±.®(Dmiizmbtiz> tnx 

gfWlirLTtil I I Wa~4 by 4 Yit^m^mW, 1" 
AK Ga, B&iUU nfrbt£Z>m£ 9 ilfi 

^fo^ < i t i aw i i \ m%mt, n (^*) <t£ 
^tf I I I Mi- << by 4 wtftw^mm icxy&mi 
^tit'tims^i-im^izioi^x, ®\c^mx*hz> 0 

[0 0 7 7] ±3*Lfc^T-f4, SCH«3g, 

t>hm\m2 4%^T'^1 idXXI^2(T)^l(OiJ4 K 30 

2>\ 134 Kl^iEB£tl&l^DH (Double Hetero)*?=& 

[0 0 7 8] ^afft 
■?\ #lx.ffFET (Field Effect Transistor ; 

[0 0 7 9] ^MiCiS^^ggll, ±$L 40 

LtzMm\B\®mmt-r?>ztfrxzz> 0 ^^m^^to^ 
Tii, EH~H8-etaBjLfc«-^^»)^^. 09-0 

1 2T'ia?^Lfc*ffi^J;oT^i!U, J5(C01l^f^BI 1 3 

hzwmi 4xmmLtzffim}siv%mic£^x¥m 

-T Z> d. i id J; oT|5 r. £ £ 0 
[0 0 8 0] dro^idio^-cfc, £H4id-f<Wc^*l 
#Sf i: J; 5 if i^gf 5 r t 5„ 50 
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[o,o-8i] A. M^tf¥m&Mm®%mmzffif$.-tz 

Wr&\t, *ii»^fr»K4 Oidd^n^yrir-y bl 
ffl Hid 5 Id PS h ix 5 ^ xtt ft \t\ 

[0082] m*-xi£tz> ±m^mmmm^a^^x 

(4. MOCVDfe, KSttl/&Kft 

(di 9$ft$-fr3i§£-[do^-Ct&$ Lfc^, ^>H^t° 
(Molecular Beam Epitaxy ; MB E) fef£b'<D 

¥*£ft«2 1-2 S^ffM^MBEaH^^ NWii* 
©ft&ro^fSfiicfii&id J; 9 ffM-TS d t hXZ Z>„ 
[0 0 8 3] 

Z&Wt\m>PiH£Z>z\tfrX%Z>z\t. SiO, 
mtvmktiZS: (0-7 y, t ^ z t tt < il^fiKftffl 
iA^^^S 3 <D$BI£fir 5 ^ t ^b^ft^ico-f ft* 
0. l° «Tlc»$iJ1-5^<b^ T -t2,^tl'J:oT, fli 

[glffiroffi^lftM] 

[mi] «BJ(cj;5^^«Kro-||ffi^ffi(D-0-!|(D 

ms^mmmxhho 

[Bl2] *«W^J:5¥»ft»«©«i©||«i^l6©-ffl| 

[ii 3] *%w\z£z¥mfcnm<DtiiiD$kMifm<D-m 
<nm&mmmxhz c 

owm^mxhZo 

lias] *%w\z£z¥mftmwi<Dm(ommBm<v-m 
<DW$mmmxhz> 0 

ommmmmxhz, 

[07] *%w\z±%*mfrnwi<nm<DmnKm<D-m 
<DMv&Wimmx°hz 0 

ins] xftwicxz^mfcrnmnfaommftmo-m 
<nmv&m&mxhz> a 

[0 9] A~C(4, *HB^lCj;?,#^»lKtDM^& 

[0ip] A*jit/Bi4, *%wic£2>¥mfcmm<DM 
<nmMmm<D--m<DT.mm (^©2) 

[011] A~C«, *|gB^lCj;S^^»^S}it7J 

&o-«coxs0 (^»i) xh%. 
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[iai2] A*5±tfBfi. *%wic£z>¥m#nm<DM 

IB13] *5B W lc J: 5 *S»flE3B3t5H^-«>— «eo«WtWf 
[El 4] *3SWiJ:a¥*#3B3te**©&©fl|©*H& 

1- • - 7rt3/K 2 - • ■ TW^frJf 2 , 3 • • 

• 3 . 4 • • • nxttkmrnm 

«, 5 • • • 6 • • • 7 • 
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*'<yyrm> 8 • ■ •\\L&m*mfrm, 9 • • . 

? , 9 w • • - MP, 10 - • • 11- • • * h 7 
-f 7\ 1 2 • • • T*«, 1 3 • • • jWUMH'**, 
21 • • •llOay^^' H, 22- • • Hi CD? 7 

y Ki> 2 3- • - fi ro^f-r KB, 24 • • • st* 
*, 2 5 • • • £fcRjkJI, 2 6 • • • »2©*>f K 
2 7- • •I2©^77 KJf , 28- • •|2<03 

^^•hii , 2 9 • • • mmm. 2 9 w - • • ip, 3 
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